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© Ink drop printhead. 



© An acoustic ink printhead (10 ) having improved 
ink drop ejection control includes a substrate (12) 
having an array of acoustic lenses (20) at its upper 
surface (22) for bringing rf acoustic waves to a 
predetermined focus, and a layer (50) of 
acoustically-reflective material of a thickness equal 
to an odd multiple of one quarter of the wavelength 
of the acoustic rf waves passing through it. the layer 
having openings corresponding to and aligned with 
each lens. Ink from an ink pool is allowed to couple 
acoustically to the lenses at each opening for receiv- 
ing the focussed acoustic rf wave, while the layer 
acoustically isolates the interstitial regions between 
each lens by reflecting the acoustic rf waves incident 
on the upper surface of the substrate in those re- 
gions. 
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The present invention relates generally to 
acoustic ink printing, and more particularly to a 
printhead having an acoustic reflection coating ap- 
plied thereon to reduce unwanted transmission of 
acoustic energy into an ink pool. s 

Acoustic ink printing (or marking) is a method 
for transferring ink directly to a record medium, 
having several advantages over other direct print- 
ing methodologies One important advantage is the 
lack of necessity for nozzles and ejection orifices io 
that have caused many of the reliability (e.g., clog- 
ging) and picture element (i.e., pixel) placement 
accuracy problems which conventional drop-on-de- 
mand and continuous-stream ink jet printers have 
experienced. is 

As is known, an acoustic beam exerts a radi- 
ation pressure against objects upon which it im- 
pinges. Thus, when an acoustic beam impinges on 
a free surface (e.g., liquid/air interface) of a pool of 
liquid from beneath, the radiation pressure which it 20 
exerts will cause disturbances on the surface of the 
pool. The radiation pressure may reach a suffi- 
ciently high level that the force of surface tension is 
overcome and individual, droplets of liquid are 
ejected from the pool. Given sufficient energy, the 25 
droplets may eject at a sufficient speed to reach a 
record medium located near to the free surface of 
the pool. 

Focussing the acoustic beam on or near the 
surface of the pool intensifies die radiation pres- 30 
sure it exerts for a given amount of acoustic power. 

In order to accomplish such focussing, acoustic 
lenses are commonly used. These lenses conve- 
niently are essentially at concave indentations in a 
substrate through which the acoustic beam may 35 
travel. One or more such lenses may be disposed 
in a single substrate, and each of the lenses may 
be individually addressable. See, for example, US- 
A-4,751 ,529, and 4,751,534, for further discussion 
of acoustic lens characteristics. 40 

Referring now to Figure 1 of the accompanying 
drawings, there is illustrated (in pertinent part) an 
acoustic ink printhead 10 of a known design. 
Acoustic ink printhead 10 includes a body or sub- 
strate 12. An acoustic wave generator 14, typically 45 
a planar transducer, for generating an acoustic 
wave of predetermined wavelength, is positioned 
on a lower surface 16 of substrate 12. Lower (and 
the like) is used herein for convenience and no 
limitation on orientation is intended thereby. Trans- so 
ducer 14 is typically composed of a piezoelectric 
film (not shown), such as of zinc oxide (ZnO), 
which is sandwiched between a pair of electrodes 
(also not shown), or other suitable transducer com- 
position such that it is capable of generating plane 55 
waves 18 (explicitly shown in Fig. 1 for illustration) 
in response to a modulated rf voltage applied 
across its electrodes. Transducer 14 will typically 



be in mechanical communication with substrate 12 
in order to facilitate efficient transmission of the 
generated acoustic waves into the substrate. 

Acoustic lens 20 is formed in the upper surface 
22 of substrate 12 for focussing acoustic waves 18 
incident on its convex side to a point of focus 24 
on its concave side. Upper surface 22 as well as 
the concave side of acoustic lens 20, face a liquid 
pool 26 (preferably an ink pool) which is acous- 
tically coupled to substrate 12 and acoustic lens 
20. This acoustic coupling may be accomplished 
by placing the liquid of liquid pool 26 in physical 
contact with acoustic lens 20 and upper surface 22, 
or by introducing between the liquid of liquid pool 
26 and acoustic lens 20 and upper surface 22 an 
intermediate acoustic coupling medium (not 
shown). Such intermediate acoustic coupling media 
are discussed in the aforementioned US-A-4,751 
,534.. 

When a printhead is formed having adjacent 
acoustic lenses, especially when the adjacent len- 
ses are individually addressable, care must be tak- 
en to direct the acoustic beam accurately to im- 
pinge as exclusively as possible on the desired 
lens. Some of the undesirable effects of the acous- 
tic beam impinging elsewhere than on the desired 
lens are insufficient radiation pressure on the liquid 
surface, lens cross-talk, and generation of unwan- 
ted liquid surface disturbances. Each of these ef- 
fects result in loss or degradation of droplet ejec- 
tion control. The present invention primarily ad- 
dresses the effect of generation of liquid surface 
disturbances. 

As graphically shown in Fig. 1, plane waves 18 
diverge as they radiate through the substrate from 
transducer 14 to upper surface 22. This divergence 
is because of the effect of diffraction of the sound 
wave passing through the substrate, and is a func- 
tion of the radius of the transducer 14, of the 
thickness of the substrate, and of the wavelength of 
the wave passing through the medium. (It is gen- 
erally assumed that the interface between substrate 
12 and transducer 14 is ideal, so that consideration 
need not be given to the refractive effects of the 
wave passing from one medium to another, and 
further that transducer 14 generates a perfect plane 
wave.) The result of this divergence is to limit the 
center-to-center distance between adjacent lenses 
(if lenses are too closely spaced the diverging 
energy from one lens may impact an adjacent lens) 
and to cause energy to impinge upper surface 22 
outside of lens 20 which may be imparted in the 
form of acoustic waves (not shown) into liquid pool 
26. 

Focus point 24, at or very near free surface 28, 
is the point of greatest concentrated energy for 
causing the release of droplet 30. Thus, by posi- 
tioning the focus point 24 at the free surface 28, 
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the energy required to eject a droplet is minimized. 
However, focus point 24 is preset for each fens by 
the lens diameter, shape, etc. In order to maintain 
focus point 24 at or very near the free surface 28, it 
is therefore important to maintain the free surface 5 
28 at a predetermined height above substrate 12. 

As mentioned, one effect of irradiation of sur- 
face 22 is transmission of radiant energy from 
substrate 12 to liquid pool 26. The radiant energy 
is transmitted through the liquid of liquid pool 26 io 
striking free surface 28, thereby generating surface 
disturbances on free surface 28. These surface 
disturbances are transmitted along free surface 28 
in the form of surface waves (not shown) which 
affect free surface 28 in regions directly above lens is 
20. In those cases where an array of lenses is 
used, the surface waves affect free surface 22 in 
regions above one or more acoustic lenses. The 
surface waves on free surface 28 result in deviation 
of free surface 28 from planar and from a preferred 20 
height, thereby altering the location of free surface 
28 relative to fixed focus point 24, resulting in 
degradation of droplet ejection (i.e., print) control. 

The result of free surface 28 deviating from 
planarity is varying angle of droplet ejection. 25 
Droplets will tend to eject in a direction normal to 
free surface 28. For optimum control of placement 
of the drop on the record medium with the mini- 
mum amount of required acoustic energy, it is 
desired to maintain ejection angle of the drop at a 
predetermined value, generally perpendicular to the 
local angle of the surface of the record medium. 
Therefore, attempts have been made to maintain 
free surface 28 parallel to the primary surface of 
the record medium. Surface disturbances will vary 
the local surface angle of the liquid pool, especially 
over the acoustic lenses. This results is drop ejec- 
tion at varying angles, with consequent loss of 
printing accuracy and efficiency. 

The result of free surface 28 varying from a 
preferred height is an increase in the energy re- 
quired to cause droplet ejection and an adverse 
effect on droplet size and droplet ejection direction 
control. In fact, surface height must be maintained 
with high accuracy, since acoustic waves entering 
liquid pool 26 will also reflect at free surface 28, 
resulting in coherent interference between the re- 
flected and unreflected waves. The boundary con- 
ditions on free surface 28 for resonant constructive 
interference and anti-resonant destructive interfer- 
ence differ from each other by only one quarter of 
a wavelength. The effect of constructive interfer- 
ence is to exacerbate the surface-disturbing effects 
of energy transmitted into liquid pool 26 outside 
lens 20. 

Although it is possible that transducer size may 
be selected such that irradiation outside lens 20 is 
minimized, changing transducer size impacts diver- 



gence of the wave in the substrate. For example, 
acoustic wave divergence effectively begins in a 
material after the distance d defined as 
d = R 2 /X (1) 

where R is the radius of the transducer and 
X = v m /f (2) 

where v m is the speed of sound in the material, and 
f is the frequency of the sound wave. If the trans- 
ducer radius is decreased in order to reduce the 
size of the cone of divergence, the distance d from 
the transducer at which the divergence of the 
acoustic waves begins will be reduced. If the sub- 
strate thickness remains unchanged, decreasing 
transducer size (and hence reducing d) results in 
greater divergence. Thus, reducing the transducer 
size implies a reduction in substrate thickness. 
However, the thickness of the substrate is limited 
by its ability to support itself without cracking. This 
minimum thickness is on the order of 0.5-2mm, 
and effectively limits the transducer size. 

Similarly, it is possible to increase the radius of 
the acoustic lenses such that the diverging acoustic 
waves impinge fully on the lens. Typically, how- 
ever, lens-to-lens spacing is much larger than the 
printed spot size, thus, an array of lenses in stag- 
gered rows is often used for single-pass printing. 
The result of increasing the center-to-center spac- 
ing is an increase in the number of staggered rows 
for a fixed print resolution. This is not desirable 
since it means that the printhead size (i.e., sub- 
strate size) and cost will both increase. Thus, this 
also is not an optimal solution. 

Presently there is an unaddressed need in the 
art for improved performance of acoustic ink print- 
ing mechanisms. Specifically, there is a need in the 
art for a method and apparatus for reducing sur- 
face disturbances at the free surface of the ink pool 
above one or more acoustic lenses. The invention 
described and contained herein addresses this and 
related needs in the art. 

The present invention provides an improved 
printhead for acoustic ink printing. The printhead is 
of the type having one or more acoustic radiators 
for radiating a free surface of a pool of liquid, 
typically ink, with a corresponding number of fo- 
cused acoustic beams and being characterized by 
having a predetermined coating for inhibiting ex- 
traneous acoustic energy from coupling into the 
liquid peripherally of the beam or beams. 

Specifically, the acoustic ink printhead of this 
invention includes: 

a solid substrate having a first, or upper, surface 
with generally concave indentations therein to de- 
fine acoustic lenses, and a second, or lower, sur- 
face opposite the upper surface; 
a transducer intimately coupled to the lower sur- 
face of the substrate for generating rf acoustic 
waves to irradiate the lenses, such that the lenses 
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launch respective converging acoustic beams into 
the liquid, and 

acoustic reflectors intimately coupled to, and sub- 
stantially entirely overlaying the upper surface of, 
the substrate except above the lenses wherein 
openings above each of the lenses are defined, for 
inhibiting extraneous acoustic energy from coupling 
into liquid of a liquid pool above the upper surface 
other than at the lenses. 

According to one aspect of the invention, the 
coating material will have a relatively high acoustic 
impedance compared with the material from which 
the substrate is formed. To this end, gold has been 
shown to have desirable properties as a reflective 
material. 

According to another aspect of the invention, 
the coating will be of a predetermined thickness, 
preferably equal to one-quarter of the wavelength 
of the acoustic waves passing through it. However, 
the coating may be of other thicknesses, preferably 
equal to odd multiples of one-quarter of the 
wavelength of the acoustic waves passing through 
it. 

The present invention will now be described by 
way of example with reference to the accompany- 
ing drawings, in which: 

Figure 1 shows an acoustic ink printhead of a 
known design; 

Figure 2 shows one embodiment of an acoustic 
ink printhead according to the present invention; 
Figure 3 schematically illustrates the transmis- 
sion and reflection of acoustic waves in various 
levels in the embodiment shown in Figure 2; 
Figure 4a is an illustration of a test structure, 
and Figure 4b is a plot of frequency versus 
insertion loss for the structure of Figure 4a, 
illustrating determination of optimum operating 
frequency, and 

Figure 5a is an illustration of a test structure 
having a gold coating applied thereto, and 
Figure 5b is a plot of frequency versus insertion 
loss for the structure of Figure 5a, illustrating the 
effects of a gold coating. 

Referring now to Fig. 2, there is shown a 
printhead 10* according to a preferred embodiment 
of the present invention. As with printhead 10 de- 
scribed with reference to Fig. 1, printhead 10 
includes a substrate 12, with an acoustic lens 20 
formed therein. In general, as between Figs. 1 and 
2 herein, like elements are numbered with like 
reference numerals, and the description of each is 
similar except where otherwise noted. 

With reference to Fig. 2, an isolation layer 50 
of acoustically-reflective material is introduced 
which overlays the entirety of, and is preferably in 
mechanical communication with, upper surface 22, 
except in the region over lens 20. Isolation layer 50 
will thus reside between upper surface 22 and 



liquid pool 26, except for the regions above lens 
20. wherein the liquid of liquid pool 26 Is acous- 
tically coupled to substrate 12 by direct physical 
contact or by communication through an intermedi- 
5 ate layer (not shown) of acoustically-transmissive 
material. Through proper placement and selection 
of certain desirable characteristics, isolation layer 
50 serves to isolate substrate 12 and liquid pool 26 
acoustically except in the region of lens 20. 
io Material selected for isolation layer 50 should 

exhibit the following desirable characteristics for 
the reasons enumerated below. 

(1) The selected isolation layer material must 
have a much greater acoustic impedance (Z ( ) 

is than the acoustic impedance of the substrate 
(Z s ). If there is a poor match between the acous- 
tic impedances of two materials in contact with 
one another, the transmission of acoustic energy 
between the two materials is inhibited. Refer- 
20 ence should be made to Rg. 3. showing in 
greater detail region A of Fig. 2, which graphi- 
cally illustrates this effect. The impedance mis- 
match between substrate 12 and isolation layer 
50 will cause attenuation of much of the trans- 
25 mitted energy outside the region above lens 20, 
by reflecting a portion of the acoustic energy 
(represented by arrow 102) of the total incident 
acoustic energy (represented by arrow 100) at 
upper surface 22. However, some energy will 
30 overcome the impedance mismatch and be 

transmitted in the form of acoustic waves into 
isolation layer 50 (represented by arrow 104). 
Thus, when Z\ » Z s , most of the acoustic en- 
ergy incident upon upper surface 22 from trans- 
35 ducer 14 is reflected at the isolation 

layer/substrate interface, and only a small 
amount of that incident energy is transmitted 
from substrate 12 to isolation layer 50 and, in 
turn, available to be transmitted to liquid pool 
40 26. 

(2) The selected isolation layer material must 
have a much greater acoustic impedance (Zj) 
than the acoustic impedance (Z|) of the liquid of 
liquid pool 26. Similar to (1) above, the imped- 

45 ance mismatching will cause attenuation of the 
transmitted energy outside acoustic lens 20. 
Acoustic energy (104) incident upon the inter- 
face between the isolation layer and the liquid 
pool will primarily be reflected as acoustic 
so waves (represented by arrow 106) because of 

the impedance mismatch between the isolation 
layer and the liquid. Only a relatively small por- 
tion of the acoustic energy (represented by ar- 
row 108) transmitted to isolation layer 50 will be 
55 transmitted into liquid pool 26. Thus, when Z| » 
Z| transmission of acoustic energy to liquid pool 
26 is even further reduced to an acceptable 
level. 
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(3) The thickness of isolation layer 50 should be 
equal to an odd integral multiple of one-quarter 
of the wavelength (nX/4, n = 1.3. 5. ...) of the 
acoustic waves traveling through it. By selecting 
the thickness of isolation layer 50 as one-quarter 
of, or odd multiples thereof, the wavelength of 
the acoustic waves therein, the transmitted 
waves (108) at interface 34 are 180 out of 
phase with the transmitted waves (114) entering 
the liquid after one round-trip propagation (i.e., 
internal reflection) in isolation layer 50. 0nce ® 
steady-state is reached, waves (108) and (11 ) 
will add destructively, effectively canceling each 
other out and resulting in a minimum of signal 
transmission into liquid 26. 

There are three secondary considerations for 
selection of a material for isolation layer 50 which 
simplify the process of depositing and patterning 
the layer and which ensure longevity of the prin- 
thead formed according to the present invention, 
respectively. They are: 

(1) Selecting a material which can be deposited 
by known deposition techniques; 

(2) Selecting a material which is compatible with 
known photolithographic techniques; and 

(3) Selecting a material which is highly resistant 
to the corrosive environment of submersion in a 
liquid pool (such as an ink pool). 

Given each of the above-enumerated primary 
and secondary considerations, it has been found 
that gold is a very satisfactory material for use as 
an isolation layer. Other materials which satisfy the 

above criteria may be used. 

In order to produce the acoustic waves dis- 
cussed above, transducer 14 is driven by an AC 
signal modulated at either a single frequency or a 
broad bandwidth of frequencies. The selection of 
the modulating frequency or frequencies is gov- 
erned by several considerations. Primarily, drop 

size will be determinative. 

As mentioned above, acoustic waves will pass 
through a substrate, having an acoustic impedance 
Z s and a liquid pool, the liquid in which having an 
acoustic impedance Zi. For such a system it is 
possible to plot power transmitted through the liq- 
uid of the liquid pool as a function of the frequency 
of the acoustic waves. That is. it is possible to 
determine what amount of energy emitted from a 
transducer passes through both the substrate and 
the liquid pool and ultimately impinges upon the 
free surface of the liquid pool. Such a plot is shown 
in Fig. 4b, which shows insertion loss at free sur- 
face 428 of liquid pool 426 versus operating fre- 
quency for the system of Fig. 4a consisting of a 
zinc oxide transducer 414 exposed to air on one 
side and in mechanical communication with a sili- 
con substrate 412 on the other. In Fig. 4b, 

LOSS = -20 log (Pout'Pin) (3) 



where P ou t is power out of the liquid pool and P in is 
power into the substrate, respectively. The point of 
minimum insertion loss, approximately 200.4 MHz 
for the system of Fig. 4a, corresponds to the par- 
5 ticular choice of transducer and substrate matenals. 
size and relationship. The plot of Fig. 4b dem- 
onstrates that the system of Fig. 4a will operate 
with greater efficiency at certain frequencies than 
at other frequencies. 

10 A similar plot of loss versus frequency for the 

system of Fig. 5a, including substrate 512. trans- 
ducer 514 and liquid pool 526 identical to that of 
Fig 4a and further including a gold isolation layer 
550 is shown in Fig 5b. It is demonstrated in Fig. 

»5 5b that loss has been increased at and around the 
frequency of lowest loss in the system of Fig. 4a 
(i e a system without isolation layer 550). in fact, 
for the system of Fig. 5a where gold isolation layer 
550 has been chosen as one-quarter of the 
20 wavelength corresponding to the frequency of mini- 
mum loss shown in Fig 4b, the frequency of rela- 
tive maximum loss for the system of Fig. 5a is the 
same as the frequency of relative minimum loss for 
the system of Fig. 4a. This is the result of the 
25 destructive combining of acoustic waves discussed 
above. Thus, by choosing an operating frequency 
based on a plot such as that shown in Fig. 4b. then 
choosing an isolation layer thickness of one-quarter 
of the wavelength corresponding to that frequency, 

30 loss will be maximized (i.e.. transmission of energy 
from the substrate into the liquid pool will be mini- 
mized). 

It will be noted that printheads according to tne 
present invention will include both uncoated re- 
35 gions (in alignment with the acoustic tenses) and 
coated regions (in the interstitial or peripheral re- 
gions between the acoustic lenses). Thus, optimum 
operating frequency for such a system may be 
chosen by first picking the type of transducer used, 

40 and the resolution (and hence drop size) desired. 
This will determine what the theoretical operating 
frequency should be. The acoustic lens system 
without the isolation layer can then be modeled, 
resulting in plots of insertion loss as a function of 
45 frequency, such as shown in Fig. 4b. From such a 
plot the actual optimum operating frequency can 
determined, which in turn will yield the value of V4 
(the thickness of isolation layer 50). 

In the ideal case acoustic lenses would be 
so driven at a single frequency. However, experience 
has shown it to be preferable to drive the lenses 
with a broad bandwidth frequency spectrum based 
on several factors. Such factors include nonplanar- 
ity of upper surface 22, substrate 12 being of ' 
55 varying thickness, etc. In each of these cases, 
insertion loss versus frequency calculated at var- 
ious points across the transducer will differ. Fur- 
thermore, as mentioned , the lenses are very sen- 
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sitive to variations in the height of liquid pool 26. 
Experience has also shown that it is not practicable 
to drive each lens of an array of lenses by its own 
AC voltage supply (based on cost, size, etc.) Since 
each AC voltage supply will be required to power s 
more than one acoustic lens it may not be possible 
to operate each voltage supply at the single opti- 
mum operating frequency of each lens. According 
to a preferred embodiment of the present invention, 
these difficulties are overcome by operating the AC io 
voltage sources at a broad bandwidth frequency 
spectrum within a preselected range. In certain 
embodiments a broad bandwidth spectrum is ap- 
plied in order to overcome irregularities in trans- 
ducer geometries. In such embodiments, the band- 75 
width is selected to be wide enough to cover all the 
optimum frequencies for all lenses. 

The thickness of isolation layer 50, in the case 
of operation of the voltage supplies at a broad 
spectrum, can be chosen such that the center 20 
frequency of the spectrum has the maximum loss 
as shown in Fig. 5b. However, thickness is some- 
what less crucial in the broadband case. In such a 
case the reduction in transmission of the acoustic 
signal from surface 22 is not as large as it is in the 25 
single-frequency case. This is because, as eviden- 
ced in Fig. 5b, there are frequencies around the 
center frequency at which there is small loss for 
the transmission of the acoustic energy. The signal 
in the case of the structure with isolation layer 50 is 30 
attenuated for a larger band of frequencies com- 
pared with the case of the structure without isola- 
tion layer 50, resulting in larger overall loss for the 
entire spectrum of input frequencies, with a reason- 
able amount of latitude in the selection of the 35 
thickness of isolation layer 50. 

Although a printhead has been described which 
includes a substrate, a transducer and a single 
reflective coating, two or more layers of reflective 
coating having the above-described attributes may ao 
be used to reduce further the transmission of en- 
ergy into the liquid pool outside the acoustic len- 
ses. 

Furthermore, although typical acoustic ink 
printers will include one or more planar transducers 45 
and acoustic lenses located on and in a substrate, 
as discussed above, significant alternatives exist in 
the art. For example, such an alternative is use of 
piezoelectric shell transducers, such as described 
in US-A-4, 308,547. 



Claims 

1 . An acoustic printhead (10) for ejecting droplets 55 
of liquid on demand from a free surface ofa liquid 
pool, comprising: 

a solid substrate (12) having first and second sur- 



faces, and having an acoustic lens (20) formed 
therein; 

acoustic wave generating means (14) intimately 
coupled to the second surface of said substrate for 
generating rf acoustic waves to irradiate the lens 
such that the lens launches converging acoustic 
beams into the liquid, and 

acoustic reflector means (50) intimately coupled to, 
and substantially entirely coating, the first surface 
of the substrate except in the region proximate the 
acoustic lens, such as to define an opening cor- 
responding to the position and size of the acoustic 
lens, for inhibiting extraneous acoustic energy from 
coupling into the liquid pool other than through the 
lens. 

2. An acoustic printhead (io') for ejecting droplets 
of ink on demand from a free surface (28) of a pool 
(26) of liquid ink, comprising: 
a solid substrate (12) having a first surface (22) 
with a plurality of essentially identical, generally 
part-spherical indentations (20) formed therein on 
predetermined centers to define an array of acous- 
tic lenses and interstitial regions therebetween, and 
a second surface (16) opposite the first surface; 
a piezoelectric transducer (14) intimately coupled 
to the second surface for generating rf acoustic 
waves to irradiate the lenses such that they launch 
respective converging acoustic beams into the 
pool, and 

an acoustic reflector means (50), intimately coupled 
to. and substantially entirely coating, the first sur- 
face except in the regions proximate the acoustic 
lenses thereby to define openings corresponding in 
position and size to each acoustic lens, for reflect- 
ing the acoustic rf waves striking the upper surface 
of the substrate at the interstices between the 
acoustic lenses. 

3. The printhead of claim 1 or 2, wherein the 
material of the substrate has a first acoustic imped- 
ance, and the material of the acoustic reflector has 
a second acoustic impedance greater than the first 
acoustic impedance. 

4. The printhead of any preceding claim, wherein 
the acoustic wave generating means generates rf 
acoustic waves of a predetermined frequency and 
wavelength, and further wherein the acoustic reflec- 
tor means is of a thickness equal to one quarter of 
the wavelength (or an odd integral multiple thereof) 
of a selected one of the generated rf acoustic 
waves. 

5. The printhead of any preceding claim 2. wherein 
the acoustic reflector means is comprised substan- 
tially exclusively of gold. 

6. The printhead of claim, wherein the acoustic lens 
is a part-spherical indentation in the first surface of 
the substrate. 

7. An acoustic printhead (io') having at least one 
acoustic radiator (14) for bringing an acoustic beam 
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to focus essentially on a free surface (28) of a pool 
of (26) liquid such that the acoustic beam exerts a 
radiation pressure on the free surface, and modu- 
lating means coupled to the radiator for modulating 
the radiation pressure so as to eject individual 
droplets of liquid from the free surface on demand, 
and comprising an isolation layer (50) deposited on 
the printhead facing the free surface; the isolation 
layer being patterned to permit substantially unim- 
peded passage of the acoustic beam therethrough, 
but having an acoustic impedance selected to in- 
hibit acoustic energy from coupling into the liquid 
peripherally of the acoustic beam. 
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